Synapses are specialized cell-cell contacts that mediate communication between neurons. Most excitatory synapses in the brain are housed on dendritic spines, small actin-rich protrusions extending from dendrites. During development and in response to environmental stimuli, spines undergo marked changes in shape and number thought to underlie processes like learning and memory. Improper spine development, in contrast, likely impedes information processing in the brain, since spine abnormalities are associated with numerous brain disorders. Elucidating the mechanisms that regulate the formation and plasticity of spines and their resident synapses is therefore crucial to our understanding of cognition and disease. Rho-family GTPases, key regulators of the actin cytoskeleton, play essential roles in orchestrating the development and remodeling of spines and synapses. Precise spatio-temporal regulation of Rho GTPase activity is critical for their function, since aberrant Rho GTPase signaling can cause spine and synapse defects as well as cognitive impairments. Rho GTPases are activated by guanine nucleotide exchange factors (GEFs) and inhibited by GTPase-activating proteins (GAPs). We propose that Rho-family GEFs and GAPs provide the spatiotemporal regulation and signaling specificity necessary for proper Rho GTPase function based on the following features they possess: (i) existence of multiple GEFs and GAPs per Rho GTPase, (ii) developmentally regulated expression, (iii) discrete localization, (iv) ability to bind to and organize specific signaling networks, and (v) tightly regulated activity, perhaps involving GEF/GAP interactions. Recent studies describe several Rho-family GEFs and GAPs that uniquely contribute to spinogenesis and synaptogenesis. Here, we highlight several of these proteins and discuss how they occupy distinct biochemical niches critical for synaptic development.
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Abbreviations: GEF, guanine nucleotide exchange factor; GAP, GTPase-activating protein; LTP, long-term potentiation; LTD, long-term depression; F-actin, filamentous actin; CNS, central nervous system; PH, pleckstrin homology domain; CC-Ex, coiled coil-extended region; RBD, Ras-binding domain; PDZ, PSD-95, Dlg, and ZO-1/2 domain; DH, Dbl homology domain; SEC14, Sec14p homology domain; SPEC, spectrin-like repeats; SH3, Src homology 3 domain; EH, Eps15 homology domain; C1, protein kinase C conserved region 1; C2, protein kinase C conserved region 2; BAR, Bin/Amphiphysin/Rvs domain; P, proline-rich regions; PSD, post-synaptic density; NMDA receptor, N-methyl-Daspartate receptor; AMPA receptor, a-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid; PAR, partition-defective protein; aPKC, atypical protein kinase C; Pak, p21-activated kinase; CaMKK, calmodulin-dependent kinase kinase; mEPSC, miniature excitatory postsynaptic current; N-WASP, neuronal Wiskott-Aldrich syndrome protein; Cdk5, cyclin dependent kinase 5; ASDs, autism spectrum disorders; NMJ, neuromuscular junction; GABA receptor, gamma-amino butyric acid receptor; Ach receptor, acetylcholine receptor; DAG, diacyglyerol; Bcr, breakpoint cluster region; Abr, active Bcr-related; CIN85, c-Cbl-interacting protein of 85 kDa; Arg, Abl-related gene; LA, lateral amygdala; Grb2, growth factor receptor-bound protein 2; ROCKRho-associated, coiled-coil containing protein kinase. 
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